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METHOD OF FABRICATING A COLOSSAL MAGNETO-RESISTIVE DETECTOR USING 

A THIN FILM TRANSFER METHOD 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application is a division of co-pending U.S. Patent Application 09/550,623, 
which will issue as U.S. Patent Number 6,708,392 on 23 March 2004 which is herein 
incorporated by reference in its entirety. 

GOVERNMENT INTEREST 
[0002] The invention described herein may be manufactured and used by or for the 
Government of the United States of America for government purposes without the 
payment of any royalties therefor. 

BACKGROUND OF THE INVENTION 
[0003] 1 . Field of the Invention 

[0004] This invention relates generally to uncooled infrared detectors and focal plane 
arrays, and more specifically to a method of fabricating a detector using rock salt as a 
removable substrate. The invention relates even more specifically to a method of 
fabricating a colossal magneto-resistive detector using a rock salt structure material. 

[0005] 2. Description of Related Art 
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[0006] Uncooled infrared thermal detectors have recently been developed into large- 
size focal plane arrays (hereinafter "FPA"). Use of a microbolometer is one successful 
method for infrared detection at room temperature. A microbolometer-type FPA typically 
employs vanadium oxide on silicon nitride with a micro-mechanically machined air 
bridge structure. The temperature coefficient of resistance for vanadium oxide is 
approximately 2%. The air bridge structure is built directly on a silicon readout 
integrated circuit ("ROIC"). Growth of detector materials directly on the ROIC restricts 
the material thin film growth temperature to less than 550 °C as a result of the thermal 
budget limitation associated with the ROIC. 

[0007] The use of colossal magneto-resistive ("CMR") materials for uncooled infrared 
detectors is described in Goyal et al, A., AMaterial Characteristics of Perovskite 
Manganese Oxide Thin Films for Bolometric Applications," Applied Physics Letters, Vol. 
71 (17) (27 October 1997), pp. 2535-2537. CMR materials demonstrate an exceptionally 
large change in resistance with temperature as they transition from a ferromagnetic to a 
non-ferromagnetic phase. The transition temperature can be adjusted through appropriate 
selection of materials and process conditions. The results have demonstrated the 
feasibility of growing CMR thin films on perovskite oxide material substrates such as 
LaA10 3 and SrTi0 3 with a resultant temperature coefficient of resistance of greater than 
7%. However, the temperature for growth of the CMR material, however, must be 
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relatively high (i.e., greater than 700 °C), which makes it difficult to grow directly on the 
ROIC. 

[0008] CMR materials have a perovskite crystal structure with a square base. The 
lattice constant "a" of the square base of a CMR material is approximately 3.8 to 3.9 A 
depending on the material composition. As indicated above, CMR thin films have been 
successfully grown on perovskite oxide substrates such as LaA10 3 and SrTi0 3 , and 
exhibit a good crystal orientation and a high temperature coefficient of resistance. These 
perovskite oxide substrate materials are employed because of the correspondence of their 
crystal structure and lattice constant to those of CMR materials. For example, SrTi0 3 has 
a cubic crystal structure with a lattice constant of 3.905 A, and LaA10 3 has a pseudo- 
cubic crystal structure with a lattice constant of 3.79 A. These properties facilitate the 
growth of a CMR material on LaA10 3 and SrTi0 3 with a resultant high crystal orientation 
and quality. The detector material can be bonded to a ROIC, then the substrate is 
removed. A disadvantage associated with use of these materials, however, is that both 
LaA10 3 and SrTi0 3 are very difficult to remove by etching once the detector array has 
been bonded to the ROIC. 

[0009] Therefore, a general need exists to provide a method of fabricating an uncooled 
infrared detector which both satisfies the temperature coefficient of resistance and 
fabrication temperature constraints, and also provides a detector of the requisite film 
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quality. An even more specific need exists to provide a CMR transferred thin film 
method in which the substrate can be easily removed. 

SUMMARY OF THE INVENTION 
[0010] It is an object of the present invention to provide a method of fabricating an 
uncooled infrared detector that produces a detector of the requisite film quality, satisfies 
the temperature coefficient of resistance, and easy to fabricate. Accordingly, in a first 
preferred embodiment, the present invention advantageously relates to a method of 
fabricating a CMR detector using a thin film transfer method with a rock salt structure 
material as a substrate. The method comprises (a) growing a protective layer comprising 
a lattice matched template material so as to envelop a rock salt structure material 
substrate; (b) depositing a colossal magneto-resistive layer on a deposition surface of the 
protective layer; (c) fabricating a detector array (d) bond the detector array to a ROIC; 
and (e) removing the rock salt structure material substrate from the bonded structure. 
[0011] By using a rock salt structure material such as, for example, NaCl, LiF, NaF, 
KF, or KC1 as the substrate, a high quality epitaxial CMR material with a high 
temperature coefficient of resistance can be fabricated. The substrate can be easily 
removed using water, and the excess rock salt structure material/water solution can then 
be removed by a method such as evaporation, triple-point, or freeze drying. 
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[0012] In a second preferred embodiment, the present invention relates to a method in 
which a perovskite oxide material such as, for example, LaA10 3 or SrTi0 3 is employed as 
the substrate, and the rock salt structure material is employed as a buffer layer, template 
layer, and release layer. The method comprises (a) growing a rock salt structure material 
layer on a perovskite oxide material substrate; (b) growing a protective layer comprising a 
lattice matched template material on the rock salt structure material layer; (c) depositing a 
colossal magneto-resistive layer on the protective layer; (d) fabricating a detector array; 
(e) bonding the detector array to a ROIC; (f) removing the rock salt structure material 
with water or other solution; and (g) the substrates falls off and is removed. 
[0013] By employing either of the aforementioned embodiments, the growth and 
processing temperatures can be higher than those associated with a conventional 
technique in which the CMR material is grown directly on top of the ROIC, thus yielding 
a CMR material of higher quality and higher crystal orientation, and higher temperature 
coefficient of resistance. 

[0014] Advantages associated with the embodiments of the present method include not 
only the ability to produce a detector of the requisite film quality, but one which satisfies 
the temperature coefficient of resistance and fabrication temperature constraints. In 
addition, once the fabrication is complete, the substrate can be easily removed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] Other objects, features, and advantages of the present invention will become 
more fully apparent from the following detailed description of the preferred 
embodiments, the appended claims, and the accompanying drawings. As depicted in the 
attached drawings: 

[0016] FIGS. 1 A-D are schematic representations of a detector constructed in 
accordance with a first preferred embodiment of the invention comprising a rock salt 
structure material as a substrate. 

[0017] FIGS. 2A-E are schematic representations of a detector constructed in 
accordance with a second preferred embodiment of the invention comprising a perovskite 
oxide material as the substrate and a rock salt structure material as the buffer layer, 
template layer, and release layer. 

[0018] FIG. 3 is a graphical representation of a pre-substrate removal x-ray diffraction 
pattern associated with an embodiment of the present invention in which SrTi0 3 was 
deposited on NaCl with Pd as a thin buffer layer. 

[0019] FIG. 4 is a graphical representation of a post-substrate removal x-ray 
diffraction pattern associated with the embodiment depicted in FIG 3. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0020] The present invention will be disclosed in terms of the currently perceived 
preferred embodiments thereof. 

[0021] To facilitate the growth of materials with the desired crystal orientation for use 
in infrared detectors, a basic epitaxial relation and lattice match must exist between the 
substrate material and the CMR material. Rock salt structure materials have cubic crystal 
structures with lattice constants suitable for the growth of such CMR materials. 
[0022] CMR materials have perovskite structures with an a and a b lattice constant of 
approximately 3.8 to 3.9 A. Rock salt has a cubic crystal structure. LiF has a lattice 
constant a = 4.02 A, which matches CMR material very well, with only slight tensile 
strain. NaCl has a lattice constant a = 5.64 A, hence, to match the lattice constant, CMR 
materials may be grown epitaxially, but with slight tensile strain along the <1 10> 
direction of the NaCl. KF has a lattice constant a = 5.34758 A, hence, to match the lattice 
constant, CMR materials may be grown epitaxially, but with slight compressive strain 
along the <1 10> direction of the KF. 

[0023] Therefore, when a rock salt structure material is used as a substrate, CMR 
materials can be grown directly on such a substrate. FIGS. 1 A-D are schematic 
representations of a detector 1 10 (FIG. ID) constructed in accordance with a first 
preferred embodiment of the invention comprising a rock salt structure material as a 
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substrate. The method of fabricating detector 1 10 comprises the following series of steps. 
First, a protective layer 120 comprising a lattice matched template material, such as, for 
example, a colossal magneto-resistive material, is grown so as to envelop a rock salt 
structure material substrate 130 (FIG. 1A). Substrate 130 comprises either rock salt (i.e., 
NaCl) or a material having the structure of rock salt such as, for example, LiF, NaF, KF, 
or KCL In a preferred embodiment, LiF is employed as the rock salt structure material. 
[0024] Next, a colossal magneto-resistive layer 140 is deposited on a deposition 
surface 121 of protective layer 120 (FIG. IB). A detector array is fabricated by adding 
contacts and processing devices 150 to an interconnect surface 141 of colossal magneto- 
resistive layer 140, and a bonded structure is fabricated by bonding the detector array to a 
circuit 160 such as a readout integrated circuit (FIG. 1C). 

[0025] Finally, rock salt structure material substrate 130 is removed from the bonded 
structure (FIG. ID). Removal of rock salt structure material substrate 130 can be 
accomplished by dissolving the rock salt structure material substrate in water. Excess 
rock salt structure material/water solution can then be removed by a water rinse and a 
method such as evaporation, triple-point, or freeze drying. 

[0026] By growing protective layer 120 so as to envelop rock salt structure material 
substrate 130, the rock salt structure material substrate is protected so that 
photolithography or mesa etching can be employed in an optional further step to remove 
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protective layer 120. If photolithography is employed, it is recommended that pure 
alcohol be used. If mesa etching is employed, it is recommended that dry etching be used. 
[0027] FIGS. 2A-E are schematic representations of a detector 210 (FIG. 2E) 
constructed in accordance with a second preferred embodiment of the invention 
comprising a perovskite oxide material as the substrate and a rock salt structure material 
as the buffer layer, template layer, and release layer. The method of fabricating detector 
210 comprises the following series of steps. First, a rock salt structure material layer 220 
is grown on a perovskite oxide material substrate 230 (FIG. 2A). Layer 220 comprises 
either rock salt (i.e., NaCl) or a material having the structure of rock salt such as, for 
example, LiF, NaF, KF, or KC1. In a preferred embodiment, LiF is employed as the rock 
salt structure material. Substrate 230 comprises a perovskite oxide material such as, for 
example, SrTi0 3 or LaA10 3 . 

[0028] Next, a protective layer 240 comprising a lattice matched template material is 
grown on rock salt structure material layer 220 (FIG. 2B), followed by the deposition of 
a colossal magneto-resistive layer 250 on a deposition surface 241 of protective layer 240 
(FIG. 2C). A detector array is fabricated by adding contacts and processing devices 260 
to an interconnect surface 251 of colossal magneto-resistive layer 250, and a bonded 
structure is fabricated by bonding the detector array to a circuit 270 such as a readout 
integrated circuit (FIG. 2D). 
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[0029] Finally, perovskite oxide material substrate 230 is removed from rock salt 
structure material layer 220, and rock salt structure material substrate 220 is removed 
from protective layer 240 (FIG. 2E). Removal of rock salt structure material layer 220 
can be accomplished by dissolving the rock salt structure material layer in water. Excess 
rock salt structure material/water solution can then be removed by a water rinse and a 
method such as evaporation, triple-point, or freeze drying. 

[0030] In an optional further step, photolithography or mesa etching can be employed 
to remove protective layer 240. If photolithography is employed, it is recommended that 
pure alcohol be used. If mesa etching is employed, it is recommended that dry etching be 
used. 

[0031] EXAMPLE FIG. 3 is a graphical representation of a pre-substrate removal x- 
ray diffraction pattern associated with an embodiment of the present invention in which 
an SrTi0 3 film was deposited on NaCl with Pd serving as a thin buffer layer. The 
embodiment represented by the graph depicted in FIG. 3 shows strong crystal (110) 
orientation before the substrate removal. 

[0032] FIG. 4 is a graphical representation of a post-substrate removal x-ray 
diffraction pattern associated with the embodiment depicted in FIG 3. The x-ray 
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diffraction pattern shows that the strong crystal orientation of the SrTi0 3 film remained 
even after the NaCl substrate had been removed. 

[0033] The embodiments of the present invention, therefore, provide a method of 
fabricating a CMR detector using a thin film transfer method with a rock salt structure 
material employed as either a substrate in a first preferred embodiment, or as a buffer 
layer, template layer, and release layer in a second preferred embodiment. Advantages 
associated with the method include not only the ability to produce a detector of the 
requisite film quality, but one which satisfies the temperature coefficient of resistance and 
fabrication temperature constraints. 

[0034] While only certain preferred embodiments of this invention have been shown 
and described by way of illustration, many modifications will occur to those skilled in the 
art. For example, while the method has been described in the context of a colossal 
magneto-resistive detector application, it is equally applicable to any service requiring a 
high quality film produced by a thin film transfer method which uses an easily removable 
material as either a substrate or as a layer. By way of further example of modifications 
within the scope of this invention, while the method has been described in the first and 
second preferred embodiments respectively as comprising the use of a single rock salt 
structure material substrate or layer, another embodiment could comprise the use of a 
plurality of the aforementioned substrates or layers. 
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[0035] It is, therefore, desired that it be understood that it is intended herein to 
all such modifications that fall within the true spirit and scope of this invention. 
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